Summary In order to assess the role of maintenance melphalan and prednisone (MP) 
A high percentage of multiple myeloma patients will respond to melphalan and prednisone (MP) therapy and response duration is frequently quite long (Alexanian et al., 1969; Bergsagel et al., 1979) . Consequently, the duration of therapy in responding patients is often measured in years. However, prolonged treatment is not without toxicity and the potential for an increased risk of leukaemia with prolonged melphalan therapy is of particular concern. Consequently, the need to continue treatment until progression in patients who have had a stable response has been questioned. The Southwest Oncology Group (SWOG) addressed this question in a randomized trial comparing no maintenance therapy to either continuing MP or carmustine plus prednisone in patients who had responded and remained in remission for at least 12 months after starting treatment with an MP induction regimen (Southwest Oncology Group Study, 1975; Alexanian et al., 1978) . No differences were detected either in survival or time to relapse but the sample size was small with only 28 patients randomized to the no maintenance arm and so the power of the study to detect a clinically significant difference was low.
The British Medical Research Council also examined this question in their Myelomatosis Trial (Medical Research Council Working Party on Leukaemia in Adults, 1985) . Myeloma patients were randomized to receive oral melphalan plus prednisone, with or without intravenous vincristine. Patients who had maintained a constant paraprotein level and a stable urinary light chain excretion for at least six months, along with a stable haematological and clinical condition, were randomized to either stopping treatment until relapse or continuing initial chemotherapy for another year. A total of 226 patients were randomized in this second randomization of maintenance for one year versus no maintenance therapy. The no maintenance group had a slightly superior survival experience but the observed difference was not statistically significant.
In 1977, the Clinical Trials Group of the National Cancer Institute of Canada (NCIC) initiated a similar trial to assess the role of maintenance therapy for responding multiple myeloma patients. All eligible myeloma patients received MP as induction therapy. Those who achieved a stable response were randomized to receive maintenance MP until relapse, or no further treatment until relapse. Patients who relapsed on the no maintenance therapy arm were retreated with MP. The study was also designed to see if the no maintenance group actually received a significantly lower total dose of melphalan and, if so, did this result in a lower incidence of acute leukaemia. The response rate to restarting MP at relapse in the unmaintained arm and prognostic factors predictive of a second response were also assessed.
Patients and methods
Patients were eligible for the trial if they had histologic confirmation of multiple myeloma consisting either of > 10% plasma cells in the bone marrow (Durie & Salmon, 1975 (Kaplan & Meier, 1958) and calculated from the time of starting MP. The statistical significance of the difference between survival curves was calculated using the log rank statistic. The statistical significance of the prognostic factors, adjusted treatment comparisons and treatment by prognostic factor interactions were determined in a multifactor analysis using Cox's proportional hazards models as provided by the procedure PHGLM in the software package Statistical Analysis System (SAS) (Sas Supplemental Library Users Guide, 1980) . Logistic regresion as provided by the procedure FUNCAT in the software package SAS (Sas Supplemental Library Users Guide, 1980) was used to determine the statistical significance of the effect of prognostic variables on the incidence of a second response to the resumption of MP in the unmaintained arm. In the analysis the following variables were entered as continuous: age, performance status, haemoglobin, BUN, calcium, T 1/2 and percentage drop in serum M-protein. No interim analyses were performed.
Results
Between January 1977 and March 1984, 530 patients were registered from 21 Canadian cancer treatment centres. Thirty-three patients were considered ineligible for the following reasons: 14 patients had less than 10% plasma cells in the bone marrow, 10 had no measurable M-protein, 5 were registered but did not start treatment, 3 had received prior treatment with an alkylating agent and 1 had concurrent prostatic carcinoma. Of the 497 eligible patients, none of whom are lost to follow-up, 15 are not yet evaluable for response to induction chemotherapy, and 25 are inevaluable for response (15 died of causes unrelated to myeloma before response could be assessed, and 10 refused to continue treatment or had treatment stopped by their physician before response could be assessed), leaving a total of 457 evaluable patients. Two hundred and forty-seven of these patients had either no change in their disease status on MP, a response that did not last long enough to be eligible for randomization, or progression of disease. Two hundred and ten (46%) patients achieved a response that was stable for at least 4 months, and were therefore eligible for randomization. Twenty-five stabilized patients declined randomization leaving 185 randomized patients. These patients form the basis of this report and all randomized patients are included in the analysis.
The distribution of known prognostic factors for the two randomized groups and the group of responders who were not randomized is shown in Table I . There were no statistically significant differences in the distribution of sex, age, initial performance status, haemoglobin, calcium, BUN, pattern of bone involvement, type or quantity of monoclonal protein or stage between these groups.
The median time to achieve a drop in serum M-protein of 50% or urine M-protein of 90% was identical in both study groups at 89 days. The median time from starting therapy to the time of randomization was 10.1 months in the maintenance group and 10.2 months in the no maintenance group. The overall median duration of follow-up from the initiation of MP is 49.4 months with a median duration of follow-up of 36.7 months from the date of randomization. The average total dose of melphalan in the maintenance aKarnofsky scale.
group is 1,310mg and 898 mg in the no maintenance group, producing a substantial difference of 412 mg. Figure 1 illustrates the time to first progression from the start of treatment in the two study groups. These survival curves are significantly different (P = 0.0011, one-sided) with the median time to progression in the maintained group being 31 months compared to 23 months in the no maintenance group. However, it must be remembered that when no maintenance patients relapse, 36 of 63 (57%) achieved a second response with reinstitution of therapy, and seven patients achieved a third response to further resumption of MP (Table II) . Some other patients had minor improvement that did not fulfil the criteria of response. Consequently, the duration of the reinduced remissions in the no maintenance arm is clearly important. In order to summarize the influence of subsequent treatment and response in the no maintenance arm, we measured the interval from initiating MP to the time that disease progression occurred despite melphalan therapy (melphalan failure) for both arms. When the time to eventual melphalan failure is examined in this fashion, Figure 2 illustrates that the no maintenance group was now slightly superior but not significantly so (P= 0.086, twosided).
The failure of maintenance therapy to improve survival is illustrated in Figure 3 . There is no statistical difference between these survival curves (P = 0.5879, two-sided). An analysis of known prognostic factors was done in order to identify treatment interactions which might distinguish which patients were at higher risk of early relapse and to predict which patients should receive maintenance therapy in future practice. A multifactor analysis of time to first progression using proportional hazards models (Table  III) demonstrated that, although stage is not a significant predictor, those patients with a shorter time to a 50% reduction in their serum M-protein or a smaller reduction in their serum M-protein had a shorter time to first progression and a shorter time to eventual melphalan failure, irrespective of whether they were receiving maintenance or no maintenance therapy. Such patients are at a higher risk of relapse regardless of whether they are receiving maintenance therapy or not. In contrast, hypercalcemia at presentation was a significant predictor of early relapse in the no maintenance arm (P=0.001) but not in the maintenance arm (P=0.23). In a multifactor proportional hazards analysis of the effect of prognostic factors on survival, these same factors were found to be important. Months from starting M + P Figure 2 were present at relapse is also shown in Table VII . Sixtyeight percent of those patients whose first remission was at least one year achieved a second response compared to 42% for those whose first remission was less than one year (P=0.041, two-sided). Seventy-eight percent of those without symptoms achieved a second response compared to 34% of those with symptoms (P<0.001, two-sided).
In a multifactor logistic regression, the significance levels for the effect on second response of first remission duration, percentage drop in M-protein and presence of symptoms are 0.351, 0.027 and 0.002 respectively.
Discussion
Our current treatment for symptomatic multiple myeloma is intended to produce an initial response with maximal tumour regression usually followed by some type of maintenance therapy (Bergsagel, 1985) . However, the role of maintenance therapy has never been shown to be beneficial, and it is associated with modest risk and discomfort, increased cost, and may contribute to an increased incidence of acute leukaemia. The previous SWOG study showed no decrease in remission duration or survival in responding patients who stopped treatment after at least 12 months of therapy but the study had a low power to detect a significant difference because of its small sample size. The British Medical Research Council Study, which enrolled many more patients, also confirmed no significant difference in survival. Time to first relapse and second response rates were not reported. The entry criteria were different in that patients had to stabilize on treatment for at least 6 months but not necessarily respond. The majority, however, did have at least a partial response. The study also differed from both the SWOG study and this NCIC study in that treatment in the maintenance arm was of only one year's duration following randomization rather than until relapse. Despite the differences in design of these two previous studies and this NCIC study, our results confirm that there is no survival difference when treatment is discontinued following disease stabilization on initial chemotherapy. However we did observe a statistically significant decrease in time to relapse in the no maintenance group. These two observations are compatible given that the response rate to the reinstitution of MP at relapse in the no maintenance group was high (57%). Clearly, when the unmaintained patients eventually relapse, the malignant cells which regrow frequently retain their sensitivity to initial treatment. This then accounts for the fact that the time to when melphalan is no longer of clinical value is similar in both arms with an observed advantage to the unmaintained arm. This also explains the similarity in the overall survival experience between the two arms.
We are able to identify groups at high risk of early first relapse and short survival but the prognosis of most of these groups was similarly poor both in the maintained and unmaintained arms. The presence of hypercalcemia, a short T 1/2 and a relatively small reduction in M-protein were significant predictors both of early relapse and short survival. Increasing age was associated with a poorer survival but not a shorter time to relapse. All of these factors except serum calcium were predictive of poor outcome in both treatment arms. Hypercalcemia was a significant predictor of early relapse only in the no maintenance group but it was associated with poor survival in both groups with no significant survival benefit seen in the maintenance group. Therefore, not only did discontinuing therapy not jeopardize the survival of the group as a whole, we could not identify any subset of the group that did have a survival advantage with maintenance therapy. The fact that pattern of response to treatment is highly significant in predicting the duration of response and survival corroborates the observation that rapidly responding patients actually have shorter survival (Hobbs, 1969) .
The significant correlation between T 1/2 and serum Mprotein doubling time at relapse may explain the shortened survival in these rapidly responding individuals. We hypothesize that induction therapy kills rapidly proliferating plasma cell tumours at a faster rate than slowly growing tumours, resulting in a shorter T 1/2. The fact that T 1/2 and doubling time strongly correlate suggests that the more rapid plasma cell proliferative rate observed initially is retained at relapse. Consequently, our induction chemotherapy has not affected the kinetic biological determinants of this illness. Our data suggest that responding patients with a high risk of relapse are best identified after the serum M-protein T 1/2 and extent of maximal decrement is known. Such patients would then be eligible for innovative maintenance therapy programs.
It should be noted that our analysis of prognostic factors predicting for relapse and survival has been done only for the subgroup of patients who achieved a stable response to MP. If the prognostic factors affecting the survival of all myeloma patients were considered, it would not be surprising if other factors such as stage and renal function emerged as important variables.
The observation of an increased risk of developing acute leukaemia in myeloma patients treated with alkylating agents has been recently reviewed (Bergsagel, 1985) . If we were able to demonstrate a dose response relationship between the total dose of melphalan and the incidence of acute leukaemia then this would favour the hypothesis that the high risk of developing leukaemia is therapy-related. The current incidence of acute leukaemia in our study is similar in both treatment groups. However, since the risk of developing acute leukaemia increases with the duration of survival in myeloma patients, these groups will require longer follow-up to assess fully the influence of melphalan dose on the incidence of acute leukaemia.
From this study we can conclude that maintenance MP offers no survival advantage in patients who have had a stable response to treatment and that treatment can safely be stopped. While this conclusion is based on the analysis of the whole group, we could also not identify any sub-group in whom maintenance treatment conferred a survival benefit. It should be stressed however, that our unmaintained patients received regular medical follow-up with regular monitoring of serum and urinary M-protein levels so that treatment could be reinstituted promptly when necessary. The fact that the likelihood of a second response to the reinstitution of therapy was significantly less in symptomatic patients is of concern since it suggests that these patients might have done better if treatment had been restarted prior to the development of symptoms. We therefore recommend that, if therapy is discontinued in responding patients, their Mprotein levels should be monitored closely and treatment should be resumed at the first sign of relapse without delaying until symptoms also recur. 
